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674a Wednesday, February 29, 2012pacemaker properties. We sought to bias the random cardiogenesis of ESCs to-
ward pacemaker cardiomyocytes. Shox2 is an embryonic transcription factor
essential for the patterning of pacemaker cells in the sinoatrial node (SAN).
We hypothesized that Shox2 overexpression may tilt and dominate ESCs’ de-
velopmental program toward pacemaker myocytes.
Methods: Mouse ESCs were transduced with an adenoviral vector expressing
Shox2 or a control gene. Standard embryoid body (EB) method was used for
differentiation.Pooled data are nR3 with p<0.05 for all reported differences.
Results: Transient overexpression of Shox2 increased the quantity of
spontaneously-beating EBs by 8-fold (80527%) compared to control
(956%). Within each beating EB, twice as many beating foci (2.150.8 per
EB) were found in Shox2-EBs compared to control (1.050.6 per EB). Naþ/
Ca2þ exchanger (NCX1) and HCN4 are important for pacemaker electrophys-
iology. NCX1 protein level increased >6-fold in Shox2-EBs compared to con-
trol at the early and late stages of differentiation. HCN4 protein level was
up-regulated at all differentiation stages, with heightened cell surface expres-
sion in Shox2-EBs. Action potentials are mainly propagated by connexin(Cx)
45 but not Cx43 in the SAN, which is mirrored in the atrial/ventricular myocar-
dium. Shox2-overexpression led to an increase in the transcript (~1.5-fold) and
protein (~3-fold) levels of Cx45. In contrast, Cx43 transcript and protein levels
were reduced in Shox2-EBs by 3355% and 30510%, respectively, compared
to control.
Conclusion: Shox2 overexpression singularly biased ESC differentiation to-
ward more pacemaker cells. Increased expression of NCX1, HCN4, Cx45,
and down-regulation of Cx43 are all hallmarks of SA nodal cell biology. The
data provide a novel and efficient platform to develop biological pacemakers
from pluripotent cells.
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Cardiac myocytes derived from human induced pluripotent stem cells (h-
iPSCD cardiac myocytes) have been proposed to be useful for cardiac repair,
drug safety design and testing, clinical diagnosis and research. However, this
particular preparation was only published within the past two years. As a re-
sult, we know very little about these artificially created myocytes. We cur-
rently lack much of the basic information and the tools required to bring
the promise of this approach to fruition. In this study we examine the basic
component currents for kinetic clues as to the molecular identity of some of
the major components. The normal complement of cardiac currents is found
in these cells such as the sodium, calcium, transient outward and delayed
rectifier currents. Of particular interest for this study is the inactivation
and recovery behavior of the transient outward currents and the calcium
currents.
The transient outward currents had bi-exponential inactivation including
a fast component consistent with Kv4.2/4.3 and a slower ‘‘pedestal’’ compo-
nent consistent with Kv1.5. The size of this pedestal component was highly
variable. The recovery time course and steady-state inactivation indicate at
least two distinct inactivation components. This is also consistent with a rap-
idly recovering Kv4 mediated component and a slower Kv1.5 mediated
component.
In the mixed population of myocytes there is a calcium current component seen
in roughly 30% of cells that that activates in the range of 60 to 50 as
opposed to 50 to 40 for the L-type channel in the majority of myocytes.
This small component of current also inactivates at a lower threshold than
L-type channels and like activation was shifted to the negative range by approx-
imately 10mV. This suggests that ‘‘nodal’’ cells in h-iPSCD cardiac myo-
cytes have a T-type current.
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Background: Knock out of b-sarcoglycan (bSG-/-), a dystrophin-complex
protein, leads to cardiomyopathy. Reportedly, cultured WT cardiac mesoan-
gioblasts (cMABs) spontaneously undergo cardiogenic differentiation. Werecently found that cMABs structural differentiation is switched to skeletal
muscle (SKm) by bSG-/-, because of deletion of miRNAs encoded by the
bSG gene (miR669a-p). Aims: To compare the functional properties of
bSG-/-cMABs with those of SKm (C2C12) and neonatal cardiac cells
(CMs). Methods: single-cell motion, Ca2þ transients (FLUO4 loaded cells),
membrane potential (Vm) and currents were analyzed along with channel
isoform expression; Vm was depolarized by 40 mM Kþ (hKþ). Results:
in bSG-/-cMABs acetylcholine (ACh 30 mM) or nicotine (Nic 100 mM) eli-
cited inward current, membrane depolarization, Ca2þ transients and contrac-
tion, all prevented by Nic-receptor (d-TbC 100 mM) and Ca2þ channel
(nifedipine 30 mM) antagonists. This was similar to C2C12 myotubes, but
different from CMs. Ca2þ current (ICaL) inactivation was similar between
bSG-/-cMABs cells and C2C12 myotubes (tau=661553 vs 497555 ms,
NS), but faster in CMs (tau =9.751.2 ms; p<0.05). Action potential duration
was longer (p<0.05) in bSG-/-cMABs (4655 ms) than in C2C12 myotubes
(2652) or CMs (2955). Ca2þ transients were consistently elicited by Caf-
feine, Nicotine and hKþ in both BSG-/–cMABs and C2C12 cells (>90% for
all stimuli); response to Nic was abolished by nifedipine. Notably, induction
of Ca2þ transients by Nic did not affect the amplitude of subsequent
Caffeine-induced transients. bSG-/-cMABs and C2C12 expressed mRNA
for SKm channels Cav1.1, Cav1.3 and ryanodine receptor RyR1, CMs
expressed Cav 1.1, Cav1.2 and RyR2; RyR3 was found only in C2C12 my-
otubes. Conclusions: 1) Differentiation of BSG-/–cMABs, but not of WT-
cMABS, leads to a SK-muscle phenotype; 2) the BSG encoding sequence
may effectively direct molecular and functional differentiation of cardiac
mesoangioblasts.
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Introduction: Reduction in cardiac sodium current and gap junctional proteins
(connexin43 and 40) may play important role in reduction of conduction veloc-
ity of the propagating wave and providing substrate for Atrial Fibrillation (AF).
We sought to determine the changes in the protein levels of SCNA5, Cx43 and
Cx40 in the left atrial tissue in a dog model of heart failure.
Method: In five dogs, rapid right ventricular pacing was performed at
240bpm for three weeks to induce heart failure. Then AF inducibility was as-
sessed by rapid atrial pacing. In five control dogs, AF inducibility was as-
sessed similarly, followed by removal of the atria. The levels of SCNA5,
Cx43, and Cx40 were detected in the Posterior Left Atrium (PLA) and Left
Atrial Appendage (LAA) tissues of the CHF and control dogs using western
blot technique.
Results: All animals with heart failure showed sustained inducible AF (i.e. >5
minutes) in the electrophysiology study. No AF was induced in the control dogs
(p<0.05). Cardiac SCNA5 protein levels were decreased in both PLA and LAA
tissues compared to the control (56% and 37%, P < 0.05). Cx43 and Cx40
levels were significantly decreased only in LAA tissues of the heart failure an-
imals compared to the control (12% and 53%, P<0.05). The changes in Cx43
and Cx40 levels in PLA tissue of heart failure dogs were not statistically
significant.
Conclusion: Decreased level of SCNA5 protein which may result in de-
creased sodium current can provide substrate for AF in heart failure. In ad-
dition, significantly decreased levels of gap junctional proteins (CX43 and
40) in LAA provide additional substrate for impaired conduction and ar-
rhythmia as well as impairing contractility and predisposing to thrombus for-
mation in LAA.
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SANC generate rhythmic APs that drive the heartbeat. Perspectives gleaned
from the sinoatrial node(SAN) have been interpreted to indicate that smaller
cells from the central SAN area control the SAN beating rate, while
data from isolated SANC argue that spontaneous AP cycle length is
Wednesday, February 29, 2012 675aindependent of cell size, and that calcium cycling protein density is indepen-
dent of cell area and size. It’s well documented that the gap junction protein,
connexin-43(Cx43), is highly expressed in peripheral vs. central SAN area.
Since it is possible that cell size doesn’t completely discriminate between
Cx43-negative and positive cells, we measured Cx43-immunolabeling, electro-
physiological and Ca2þ cycling properties of single isolated SANC.
Freshly isolated adult rabbit Cx43-negative SANC are, on average, smaller
(592.359.2mm2, n=579) than Cx43-positive SANC (747.8512.2mm2,
n=571, p<0.001), but there is no difference in the spontaneous AP cycle
length based on Cx43 expression (340.2513.6ms n=30 in Cx43-negative
cells, vs. 326.559.0ms n=50 in Cx43-positive cells, p=0.39). AP parameters
also do not differ between Cx43-negative and positive cells, but the AP of
later has a shorter repolarization time (APD90: 136.958.6ms vs.
110.254.8ms, p<0.01), which is not related to cell size. No significant
differences are detected in the major characteristics of basal AP-triggered
Ca2þ-transient or spontaneous Local-Ca2þ-Releases during diastolic depolar-
ization between Cx43-negative and positive SANC. Acute b-AR stimulation
(1mM isoproterenol) reduces the AP cycle length to the same level in both
Cx43-negative and positive SANC (257.359.0ms n=9 vs. 271.657.7ms
n=14, respectively, p=0.25), and no differences of APD90 are detected
(p=0.17).
Our results indicate that although different in size, there is no statistical differ-
ence between single isolated Cx43-negative and positive SANC of spontaneous
AP cycle length or during maximal b-AR stimulation.
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Atrial fibrillation (AF) is associated with atrial conduction disturbances caused
by electrical and structural remodeling. We hypothesized that expression of the
gap junction protein connexin 43 is reduced during AF, and that atrial Cx43
gene transfer would prevent persistent atrial fibrillation. The first aim of this
study was to assess whether atrial fibrillation (AF) is associated with connexin
remodeling in a porcine model. Second, a strategy to suppress persistent AF by
gene therapy was developed and evaluated in vivo.
AF was inducedin domestic pigs via atrial burst pacing, causing a 62.4% re-
duction of atrial Cx43 protein. Adenoviruses encoding for connexin 43 (Ad-
Cx43) or green fluorescent protein (Ad-GFP) were injected into both atria,
followed by epicardial electroporation to enhance transgene expression.
Ad-Cx43 treated animals did not exhibit persistent AF during the observation
period of 14 days. In contrast, control animals developed persistent AF
within 7.4 5 0.5 days. Rapid ventricular heart rates during AF led to dete-
rioration of cardiac function in control pigs but not in animals treated with
Ad-Cx43.
In conclusion, our results highlight the contribution of connexin 43 to atrial fi-
brillation and demonstrate the viability of electrophysiological gene therapy for
prevention of atrial arrhythmias.
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HCN channels underlie the pacemaker current If, involved in generation,
regulation, and stabilization of sinus rhythm. HCN4 represents the dominant
isotype in the sinoatrial node and channel dysfunction is associated with in-
herited sinus node bradycardia. Here, we report a previously undescribed
HCN4 gene mutation that replaced the positively charged lysine 530 with
an asparagine (HCN4-K530N) in a highly conserved region of the C-linker.
Six members of a German family carrying the HCN4-K530N mutation de-
veloped tachycardia-bradycardia syndrome and persistent atrial fibrillation inan age-dependent fashion. HEK293 cell recordings using whole-cell patch
clamp electrophysiology revealed that homomeric HCN4-K530N mutant
and wild type channels activate at similar potentials and respond equally
upon binding of cAMP. Heteromeric channels, in contrast, showed a signif-
icant hyperpolarizing shift in the half-maximal activation voltage. Moreover,
the effect of cAMP on channel activation and deactivation properties was
significantly increased in heteromeric channels. A comparison of mutant
and wild type C-linker domain models suggests that altered subunit interac-
tions between the A’ and B’ helices and the C’ and D’ helices of the neigh-
boring subunit may change the intersubunit structural dynamics in
heterotetramers of HCN4 wild type and mutant subunits, enforcing inhibi-
tion of channel activity by the nucleotide free cyclic nucleotide binding do-
main in the heterozygous situation. Thus, altered interaction of side chains is
tolerated in homomeric mutant channels but interferes with wild type sub-
units in the heteromeric complex leading to f-channel dysfunction that pro-
motes the development of tachycardia-bradycardia syndrome and persistent
atrial fibrillation.
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Sympathetic regulation of HCN4 channels can occur via two cAMP-dependent
pathways: either direct binding of cAMP to a cyclic nucleotide binding do-
main, or PKA phosphorylation of the distal C terminus. Here, we have inves-
tigated the energetic interactions between these two modulatory mechanisms.
cDNA encoding wildtype or mutant mouse HCN4 channels was expressed in
HEK293 cells, and the voltage-dependence of channel activation was deter-
mined in whole cell voltage clamp experiments. Intracellular dialysis of either
PKA (20 U/ml) or cAMP (1 mM) shifted the activation midpoint (V1/2) of
wild type HCN4 channels by ~10 mV to more depolarized voltages. No addi-
tional shift was produced when both cAMP and PKA were introduced to-
gether, suggesting that the two modulators share a common final pathway in
channel activation. To characterize further the independent effects of each
modulator, we used PKA-insensitive (HCN4-Cx4) and cAMP-insensitive
(HCN4-R669Q) mutant HCN4 channels. In PKA-insensitive HCN4-Cx4 chan-
nels, cAMP significantly shifted the voltage-dependence to more positive po-
tentials, similar to its effect in wildtype HCN4 channels. This result
demonstrates that cAMP modulation of HCN4 does not require PKA phos-
phorylation of the distal C-terminus. In contrast, PKA had no effect on the
voltage-dependence of activation in the cAMP-insensitive HCN4-R669Q
channels. Taken together, the data are consistent with a model in which direct
binding of cAMP and PKA phosphorylation share a final common gating
mechanism, however PKA modulation of HCN4 requires an unmodified
cAMP binding domain.
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Inhomogeneities in the tissue are a determining factor for cardiac function and
can be either structural or functional. Using the voltage sensitive fluorescent
dye di-4-ANEPPS on incubation stained guinea pig preparations allows to
map the tissue’s response to externally applied electric shocks. Previous
work on ventricular muscle preparations revealed a membrane potential mor-
phology that could be relevant during defibrillation [1]. Using a two pulse stim-
ulus protocol we are able to map the excitation response to a short triggering
field pulse and to consequently map the membrane potential morphology re-
sulting from a second field pulse, which is applied in the depolarized state
and is attributed to the interaction of the electric field with the tissue. This ap-
proach is now carried over to atrial preparations. A custom developed object-
positioning and image-stitching method allows for wide view analysis of the
atrial tissue structure. Objective-magnifications of 10x, 20x, 40x and 63x en-
able a multi-scale based analysis with resolutions up to 15 micrometers. This
is augmented with information from transmitted light microscopy so that it is
possible to correlate the membrane potential patterns with the visible structure
of the atrial tissue, providing further insight into atrial excitation and
conduction.
